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Abstract—Cytochrome P-450, designated as P-450-MKI1, which is cross-reactive with antibodies to rat
P-450-male, was purified to an electrophoretical homogeneity from liver microsomes of the untreated
male crab-eating monkey.

The molecular weight of P-450-MK1 was estimated to be 50,000 by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE). The oxidized form of P-450-MK1 showed a peak at
418 nm, indicating that this cytochrome is in a low spin state. The carbon monoxide-bound reduced
form showed a peak at 451 nm. The first 22 amino acid residues of the NH,-terminal sequence of P-450-
MK1 was fairly homologous to those of P-450-male (75% identity, not including unidentified amino
acid residues).

Unlike the P-450-male, P-450-MK1 did not exhibit catalytic activities for testosterone 2a- and 16a-
hydroxylations and catalyzed testosterone 6f-hydroxylation. It is, therefore, suggested that although
the spectral and immunochemical properties and the N-terminal amino acid sequence of P-450-MK1
were similar to those of P-450-male, the physiological functions of P-450-MK1 may be somewhat
different from those of P-450-male.

Comparison of the physico-chemical properties of P-450-MK1 with those of P-450-D1 and P-450-
HM2, which are cross-reactive with anti-P-450-male antibodies, purified from liver microsomes of dogs
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and humans, respectively, are also discussed.

The hepatic microsomal cytochrome P-450 plays an
important role as a terminal oxidase of the mono-
oxygenase system which functions in the metabolism
of a wide variety of endogenous and exogenous
substrates, and constitutes a superfamily of enzymes,
comprising some 20 to 30 families [1]. Multiple forms
of cytochrome P-450 have been purified from liver
microsomes of untreated or drug-treated exper-
imental animals. With respect to cytochrome P-450
inducible by chemicals and drugs, transinterspecies
homology has been recently shown to be present
among forms of cytochrome P-450 in catalytic
activity, immunochemical reactivity and amino acid
sequence deduced from base sequence analysis of
cDNA clones. For example, it has been shown that
P-450c purified from rats treated with 3-methyl-
cholanthrene [2] or B-naphthoflavone [3] is homo-
logous to rabbit P-450 LM, [4, 5] and mouse P-450
[6]. In addition, P-450d purified from rats treated
with 3-methylcholanthrene [7] has been demon-
strated to be similar to rabbit LM, [8] and mouse P-
450 [6].+ Furthermore, the amino terminal sequence
of P-450 TAO or P-450p purified from rats treated

* To whom all correspondence should be addressed.

T P-450c, LM, P,-450, P-450d, LM, and P;-450 belong
to the P-450 I family.

{ P-450 TAO, P-450p, and LM, belong to the P-450 III
family.

§ P-450-male belongs to the P-450 II family.
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with macrolide antibiotics or PCN has been shown
to be highly homologous to that of rabbit P-450 LM,
[9]-% It is, however, unknown whether transinter-
species homology among constitutive forms of cyto-
chrome P-450 is present. Kamataki er al. [10] purified
a male specific form of cytochrome P-450, named P-
450-male,§ from liver microsomes of untreated male
rats. Thus, it was of special interest to investigate
whether or not a cytochrome P-450 homologous to
P-450-male in liver microsomes of untreated male
rats is present in liver microsomes of untreated male
crab-eating monkeys. In this paper, we purified a
form of cytochrome P-450, P-450-MK1, cross-reac-
tive with anti-P-450-male antibodies, from liver
microsomes of the male crab-eating monkey.

MATERIALS AND METHODS

Materials. NADP, NADPH, glucose-6-phosphate
and glucose-6-phosphate dehydrogenase were pur-
chased from Oriental Yeast, Tokyo, Japan.
Mephenytoin and Emulgen 911 were kindly provided
by Professor Hirobe, Faculty of Pharmaceutical
Sciences, Tokyo University, and Kao Atlas Co.
(Tokyo, Japan), respectively. Testosterone and pro-
gesterone were from Wako Pure Chemical Indus-
tries, (Osaka, Japan), and the hydroxylated
metabolites of testosterone and progesterone were
from Steraloids Inc. (Wilton, NH) and Sigma (St.
Louis, MO). Preparative DEAE-SPW column and
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analytical CM-5PW column were purchased from
Toyo Soda (Tokyo, Japan), and analytical ES-502C
column from Asahi Kasei Industry (Japan).
Hydroxylapatite and Sepharose 4B were supplied
from BioRad and Pharmacia (Uppsala, Sweden),
respectively. Other chemicals used were of the
highest grade commercially available.

Purification of cytochrome P-450 (P-450-MK1)
from liver microsomes of male crab-eating monkeys.
Male crab-eating monkeys weighing about 2.5 kg
were used for purification. Cytochrome P-450 was
solubilized with sodium cholate [11] and was applied
onto a w-aminooctyl Sepharose 4B column
(2.6 x 60 cm). The column was washed with 10 mM
potassium phosphate (pH 7.4) containing 20% glyc-
erol, 1 mM DTT, 0.1 mM EDTA and 0.5% sodium
cholate (buffer A), subsequently washed with buffer
A containing 0.2% Emulgen 911 (buffer B) at a flow
rate of 30 ml/hr. After the column was washed with
three times the column volume of buffer B, a portion
of w-aminooctyl Sepharose 4B resin which appar-
ently contained cytochrome P-450 was cut off and
washed with buffer B. Cytochrome P-450 extracted
with buffer B was found to exhibit cross-reactivity
with anti-P-450-male antibodies by Western blot
analysis. Purification of P-450-male from liver micro-
somes of untreated rats and preparation of antibodies
to purified P-450-male were performed as described
previously [10]. Sodium dodecyl sulfate—polyac-
rylamide gel electrophoresis (SDS-PAGE) and
Western blot-peroxidase anti-peroxidase staining
were carried out according to the method of Laemmli
[12] and Guengerich er al. [13], respectively. The
fraction containing cytochrome P-450 immuno-
chemically cross-reactive with anti-P-450-male anti-
bodies was concentrated by ultrafiltration on a UK-
50 membrane (Toyo Roshi, Tokyo, Japan) and then
diluted with 20 mM Tris-acetate (pH 7.4) containing
20% glycerol. These concentrations and dilutions
were repeated at least four times until the con-
centration of sodium cholate was less than 0.01%.
Further purification of cytochrome P-450 was
conducted using high-performance liquid chroma-
tography (HPLC) equipped with a preparative
DEAE-5PW (21.5 x 150 mm) as described pre-
viously [14]. Cytochrome P-450, which is immuno-
chemically cross-reactive with anti-P-450-male
antibodies, was eluted from the column near the void
volume by washing with 20 mM Tris-acetate (pH
7.5) containing 20% glycerol and 0.4% Emulgen
911 at a flow rate of 1 ml/min. Fractions containing
cytochrome P-450 were pooled and then applied onto
an analytical ES-502C column (7.5 X 74 mm) which
had been equilibrated with 20 mM sodium phosphate
(pH 6.5) containing 20% glycerol and 0.4% Emulgen
911 (buffer C). Cytochrome P-450 was eluted from
the column by washing with a linear gradient of
sodium acetate concentration (100-300 mM at a flow
rate of 0.5 ml/min) in a total volume of 60 ml. Frac-
tions containing cytochrome P-450, which is

* Purification of P-450-HM2 will be reported elsewhere
(submitted for publication).

t Purification and characterization of P-450-D1 was
described in the revised manuscript for publication in
Biochem. Pharmacol.

immunochemically cross-reactive with anti-P-450-
male antibodies, were pooled, and then applied onto
a hydroxylapatite column (5 X 5mm) to remove
Emulgen 911. After the hydroxylapatite column was
thoroughly washed with 10 mM potassium phosphate
(pH 7.4) containing 20% glycerol, cytochrome P-450
was eluted from the column with 300 mM potassium
phosphate (pH 7.4) containing 20% glycerol.

Reconstitution of monooxygenase system. A typical
incubation mixture contained 100 mM sodium phos-
phate (pH 7.4), 50 uM EDTA, cytochrome P-450
(0.1 nmol for the assay of testosterone and pro-
gesterone hydroxylase activities, 0.05 nmol for the
assay of aniline hydroxylase, aminopyrine N-
demethylase, 7-ethoxycoumarin O-deethylase and
mephenytoin hydroxylase and N-demethylase activi-
ties), 0.5 unit of NADPH-cytochrome P-450
reductase, 20 ug of dilauroyl-L-3-phosphatidyl chol-
ine, NADPH-generating system (0.5mM NADP,
5 mM glucose-6-phosphate, 1 unit of glucose-6-phos-
phate dehydrogenase and 5 mM MgCl,) and a sub-
strate in a final volume of 0.5ml. In the case of
reconstituted system for the assay of testosterone
and progesterone hydroxylase activities, 0.2 mg of
sodium cholate was added to the system described
above.

Assays. The activities of aniline hydroxylase,
aminopyrine N-demethylase and 7-ethoxycoumarin
O-deethylase were measured by the methods of Imai
et al. [15], Nash [16] and Aitio [17], respectively.
Mephenytoin oxidase activity was determined
according to the method of Meier et al. [18] with
minor modifications. Activities of testosterone and
progesterone hydroxylases were measured by the
methods of Hayashi ef al. [19] and Miura et al. [20],
respectively.

Other methods. P-450-HM2* and P-450-D1,+
which are immunochemically cross-reactive with
anti-P-450-male antibodies, were purified from liver
microsomes of human and untreated beagle dogs,
respectively. NADPH-cytochrome P-450 reductase
was purified from liver microsomes of phenobarbital-
treated rats according to the method of Yasukochi
and Masters [21]. Cytochrome P-450 was measured
according to the method of Omura and Sato [22].
The activity of NADPH-cytochrome P-450 reductase
was determined by the method of Phillips and Lang-
don [23] using cytochrome ¢ as an electron acceptor.
One unit of the reductase was defined as the amounts
of the enzyme catalyzing the reduction of one ymole
of cytochrome ¢ per min. Protein concentration was
estimated according to the method of Lowry et al.
[24] using bovine serum albumin as the standard.
The N-terminal amino acid sequence of P-450-MK1
was analyzed by Edman degradation using automatic
gas phase sequencer (Applied Bio-systems, Model
477A) after P-450-MK1 was dialyzed thoroughly
against water and lyophilized.

RESULTS

Table 1 shows the summary of the purification of
P-450-MK1 from liver microsomes of untreated male
monkeys. Specific content of the final preparation of
P-450-MK1 was 12.5 nmole/mg of protein, and the
recovery of the cytochrome was approximately
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Table 1. Purification of P-450-MKI1 from liver microsomes of untreated male crab-eating monkeys

Cytochrome P-450

Protein T.C.* S.C.+ Recovery

(mg) (nmoles) (nmole/mg) (%)
Microsomes 1920 1480 0.77 100
Solubilized supernatant 1840 1200 0.65 81
Anminooctyl Sepharose 4B eluate 167 317 1.90 14.5
DEAE-5PW eluate 5.5 30.6 5.6 2.1
ES-502C eluate 1.3 9.8 7.5 0.7
Hydroxylapatite eluate (P-450-MK1) 0.16 2.0 12.5 0.13

* Total content.
t Specific content.

1234%5

Fig. 1. SDS-PAGE of P-450-MK1 purified from liver micro-

somes of untreated male crab-eating monkeys. Lanes 1-5

contained monkey liver microsomes, aminooctyl Sepharose

4B column eluate, purified P-450-MK1, purified P-450-male

and standard proteins (bovine serum albumin, catalase and
aldorase), respectively.

0.13% of total cytochrome P-450 in liver
microsomes. As shown in Fig. 1, the final preparation
of P-450-MK1 gave a single protein band on SDS-
PAGE. When compared to standard proteins (bov-
ine serum albumin, catalase and aldorase), an appar-
ent minimum molecular weight of P-450-MK1 was
estimated to be 50,000. The carbon monoxide dif-
ference spectrum of P-450-MK1 showed a peak at
451 nm. The oxidized form of the cytochrome
showed peaks at 567, 538 and 418 nm, suggesting
that P-450-MK1 is in a low spin state. The drug

oxidation activities of P-450-MKI1 in a reconstituted
system were compared to those of P-450-HM2, P-
450-D1 and P-450-male which were purified from
liver microsomes of adult humans, beagle dogs and
rats, respectively, according to the cross-reactivity
with anti-P-450-male antibodies (Table 2). Catalytic
activities of P-450-MK1 for aminopyrine and
mephenytoin N-demethylations were comparable to
those of P-450-HM2, P-450-D1 and P-450-male. Fur-
thermore, N-demethylaion but not p-hydroxylation
was a major common oxidative metabolic pathway
of mephenytoin with cytochrome P-450 purified from
all animal species examined. Aniline hydroxylase
activity of P-450-MK1 was about 8-fold less than that
of P-450-D1. On the contrary, P-450-MK1 was about
6-times more active in 7-ethoxycoumarin O-
deethylation than P-450-HM2. The catalytic activi-
ties of P-450-MK1 for testosterone and progesterone
hydroxylations were also compared to those of cyto-
chrome P-450 purified from other animal species
(Table 3). The formation of androstenedione was
found in all purified preparations of cytochrome P-
450 to varying extents. It was of interest to note that
the position of hydroxylation was dependent on the
form of cytochrome P-450 used. As expected, P-450-
male preferentially catalyzed testosterone hydroxy-
lation at positions of 2« and 16a. However, these
hydroxylase activities were not detectable in a recon-
stituted system containing P-450-HM2, P-450-MK1
or P-450-D1, except that P-450-D1 catalyzed the
16a-hydroxylation of testosterone at a comparable
rate to P-450-male. P-450-MKI1 catalyzed the 2a-
hydroxylation of testosterone at a slow but a detect-
able rate. P-450-MK1 did not show detectable activi-
ties for progesterone hydroxylations studied.

It is well known that N-terminal amino acid
sequences vary among forms of cytochrome P-450.
Thus, the sequences of these forms of cytochrome
P-450 were compared with each other. As can be
seen in Fig. 2, the first 22 amino terminal sequence
of P-450-MK1 was found to be highly homologous
to that of P-450-male and P-450-HM?2 but to a lesser
extent than those of P-450-D1.

DISCUSSION

In the present study, P-450-MK1 immuno-
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Table 2. Comparison of drug metabolizing enzyme activities of P-450-MK1 with those of cytochrome
P-450 immunochemically related to rat P-450-male in other species

Cytochrome P-450

P-450-MK1 P-450-HM2 P-450-D1 P-450-male
(nmole/min/nmole P-450)
Aniline p-hydroxylation 0.98 7.54 1.56
Aminopyrine N-demethylation 12.2 9.90 11.5 11.5
7-Ethoxycoumarin O-deethylation 1.07 0.19 1.27 0.68
Mephenytoin p-hydroxylation N.D. N.D. * 0.08
Mephenytoin N-demethylation 1.70 1.64 * 1.58

* Not measured. N.D. not detectable. P-450-MK1, P-450-HM2, P-450-D1 and P-450-male were purified
from liver microsomes of monkeys, humans, dogs and rats, respectively, and were cross-reactive with

anti-P-450-male antibodies.

Table 3. Testosterone and progesterone hydroxylation activities of cytochrome P-450 from different

species
Cytochrome P-450
P-450-MK1 P-450-HM2 P-450-D1 P-450-male
(nmole/min/nmole P-450)
Testosterone
2a-hydroxylation N.D. N.D N.D. 3.58
6a-hydroxylation 0.01 N.D. N.D. N.D.
68-hydroxylation N.D. N.D. N.D. 82
16a-hydroxylation N.D. N.D. 4.20 391
168-hydroxylation N.D. 0.01 N.D. N.D.
Androstenedione formation 0.24 0.47 4.51 9.26
Progesterone
2a-hydroxylation N.D. N.D. N.D. 2.49
6B-hydroxylation N.D. N.D. 0.36 0.42
16a-hydroxylation N.D. N.D. 2.76 2.70
21-hydroxylation N. N.D. 2.98 N.D.

N.D. not detectable. P-450-MK1, P-450-HM2, P-450-D1 and P-450-male were purified from liver
microsomes of monkeys, humans, dogs and rats, respectively, and were cross-reactive with anti-P-450-

male antibodies.

1 5
P-450-MKI1 Met-Asp-Pro-Phe-Val-Val-Leu-Val-Leu- X
P-450-HM2
P-450-D1
P-450-male

10

15 20

-Leu-Ser-Phe-Val-Leu-Leu-Phe-Ser-Leu- X -Arg-Gln-

: Met-Asp-Ser-Leu-Val-Val-Leu-Val-Leu- X -Leu-Ser- X -Leu-Leu-Leu-Leu-Ser-Leu-Trp-Arg-Gln-
X - X -Leu-Phe-Ile-Val-Leu-Val-Ile- X -Leu-Ser- X -Leu-Ile-Ser-Phe-Phe-Leu-Trp-Asn-Gln-

: Met-Asp-Pro-Val-Leu-Val-Leu-Val-Leu-Thr-Leu-Ser-Ser-Leu-Leu-Leu-Leu-Ser-Leu-Trp-Arg-Gln-

Fig. 2. The N-terminal amino acid sequences of cytochrome P-450 cross-reactive with anti-P-450-male

antibodies in different species. X represents unidentified amino acid residues. P-450-MK1, P-450-HM2,

P-450-D1 and P-450-male were purified from liver microsomes of monkeys, humans, dogs and rats,
respectively, and were cross-reactive with anti-P-450-male antibodies.

chemically cross-reactive with anti-P-450-male anti-
bodies has been purified from liver microsomes of
untreated male crab-eating monkeys to an elec-
trophoretical homogeneity using HPLC techniques
as described by Funae and Imaoka [14]. The mol-
ecular weight of P-450-MK1 (50 kDa) was somewhat
different from that of P-450-D1 (47 kDa), P-450-
male (51kDa) or P-450-HM2 (54 kDa), which are
also cross-reactive with anti-P-450-male antibodies.

However, spectral properties and the N-terminal
amino acid sequence of P-450-MK1 were similar to
those of P-450-HM2, P-450-D1 and P-450-male.

It is interesting to note that the catalytic properties
of P-450-MK1 for monooxygenase reactions were
somewhat qualitatively similar to those of P-450-
HM?2 purified from human liver microsomes rather
than those of P-450-D1 and P-450-male purified from
liver microsomes of dogs and rats, respectively.
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Ohmori et af. {25] previously purified a form of
cytochrome P-450 (designated as monkey P-450)
from liver microsomes of untreated monkeys. Some
similarities were observed between P-450-MK1 and
monkey P-450 in their molecular weights, and cata-
lytic activities for aniline hydroxylation and 7-ethoxy-
coumarin (}-uéetu'y'lati()ﬁ rlu'w"e'v'ﬁl, since neither
the N-terminal amino acid sequence nor the catalytic
activities of monkey P-450 for testosterone and pro-
gesterone hydroxylations have been reported, the
lu::uuty between the m mu;u\cy P-450 and P-450-MK1
cannot be confirmed at present

P-450-D1 showed & 111511 Slmilaruj to P-450-male
in its structural and catalytic properties.

During the course of these experiments, we found
that at least two other forms of cytochrome P-450,

whinh wara
which were cross-reactive with anti- -P-450-male anti-

bodies, were present in liver microsomes of
monkeys. The content of these forms of cytochrome
P-450 was not sufficient to purify in the present study.

It is unclear whether the mrrnrhrnmp(c] P-450 which

t is unclear whether the cytochrome(
is similar to P-450-male in both structural and cata-
lytic properties is present in monkey liver micro-
somes.
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